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Clonal growth typically results in plants concurrently exhibiting sexual and asexual reproduction. This type of clonal growth is thought to have mixed effects on sexual fitness (Vallejo-Marín et al., 2010; Liao and Harder, 2014; Barrett, 2015; Van Drunen et al., 2015) . Aconitum kusnezoffii Rchb. (Ranunculaceae), a hermaphroditic and self-compatible perennial herb, grows clonally via root tubers to form a clumped clonal architecture and therefore provides an ideal system for evaluating the effects of clonality on plant sexual reproduction (Liao et al., 2009; Hu et al., 2015) . Moreover, A. kusnezoffii and many Delphinieae species have attracted a great deal of research attention that has focused on the molecular bases and evolution of floral zygomorphy, perianths, and nectar spurs (Jabbour and Renner, 2012) .
To gain a better understanding of the potential effects of clonality on sexual reproduction, male and female fitness with respect to sexual reproduction should be thoroughly evaluated. The most common approach for evaluating male and female reproductive success is to conduct paternity analyses in isolated populations based on molecular markers (e.g., this approach has been used for Juglans mandshurica Maxim. [Bai et al., 2007] ). Due to their high degree of polymorphisms and codominance, microsatellites have been widely used in various plants to estimate mating systems and quantify male and female reproductive success. Here, we characterize the first set of 13 polymorphic microsatellite loci in three populations of A. kusnezoffii. We also test cross-amplification in two related species, A. barbatum Pers. var. puberulum Ledeb. and A. alboviolaceum Kom., because these three Aconitum L. species are sympatric in western Beijing and exhibit different floral colors. This set of microsatellite markers will facilitate further studies that estimate reproductive success and evaluate the effects of clonality on sexual reproduction.
METHODS AND RESULTS
Aconitum kusnezoffii reproduces clonally through root tubers, resulting in a clumped architecture. Therefore, each clone is separately distributed in populations and can be easily identified. We randomly sampled more than 24 clones with a distance of more than 3 m among sampled clones from each of the three A. kusnezoffii populations (Appendix 1) and collected one leaf from each clone for the molecular experiments.
We applied a genomic enrichment approach to identify microsatellite loci from the genome of A. kusnezoffii, using a protocol based on procedures described by Zane et al. (2002) . Genomic DNA of nine individuals was extracted from dried leaves using a Plant Genomic Purification Kit (TIANGEN, Beijing, China) . Approximately 250 ng of genomic DNA was digested with 5 units of MseI (New England Biolabs, Ipswich, Massachusetts, USA), and the digested fragments were ligated with MseI adapters and amplified with adapter-specific primers. Purified PCR products were hybridized with probes consisting of 15 repetitive sequences of AT, AC, AG, CAG, GAC, and GATA (Sangon Biotech, Shanghai, China). Streptavidin-coated magnetic beads (Promega Corporation, Madison, Wisconsin, USA) were used to capture fragments hybridized to the probes. Enriched microsatellite fragments were sequenced by DNA cloning. A total of 356 sequences ranging from 300 to 800 bp in length were obtained; 127 primer pairs for these sequences were designed using Primer Premier 5.0 (PREMIER Biosoft International, Palo Alto, California, USA). We chose primers with lengths of 15-30 bp and similar annealing temperatures between forward and reverse primers. The annealing temperatures for all the isolated microsatellite loci ranged from 47°C to 60°C. The authors thank the National Natural Science Foundation of China (31421063) A. kusnezoffii populations, a total of 19 microsatellite loci were successfully amplified, and 13 of these loci were polymorphic. Most of the primer pairs designed for the identified loci also amplified corresponding microsatellite loci in A. barbatum var. puberulum and A. alboviolaceum.
• Conclusions: The identified microsatellite loci will be useful for quantifying male and female fitness in A. kusnezoffii and evaluating the effects of clonal growth on sexual reproduction.
Key words: Aconitum kusnezoffii; clonal growth; genomic enrichment cloning; microsatellite; Ranunculaceae; reproductive success. Note: A = number of alleles; H e = expected heterozygosity; H o = observed heterozygosity; n = number of individuals sampled. a Voucher and locality information are provided in Appendix 1.
PCR amplification with these primer pairs was conducted as follows, using Veriti thermal cyclers (Applied Biosystems, Grand Island, New York, USA). Each PCR amplification included approximately 50 ng genomic DNA, 2.5 mM Mg 2+ , 0.5 mM forward and reverse primers, 0.2 mM dNTPs, and 1 unit Taq polymerase (TaKaRa Biotechnology Co., Dalian, Liaoning, China) in a final volume of 20 μL. Gradient PCRs were performed as follows: 95°C for 5 min; 30 cycles of 95°C for 30 s, 49-57°C for 45 s, and 72°C for 45 s; and a final extension at 72°C for 7 min. The PCR products of another eight individuals were run on 1.5% agarose (Rousset, 2008) was used to calculate the number of alleles per locus and the observed and expected heterozygosity. Among the 19 loci, there were six monomorphic loci and 13 polymorphic loci in all three populations. The number of alleles per locus ranged from two to eight, with allele sizes ranging from 140 to 477 bp. Observed heterozygosity was 0.491 ± 0.251 (mean ± SD), ranging from 0.035-0.897 in the DLS population; 0.387 ± 0.208, ranging from 0.083-0.792 in the NLY population; and 0.410 ± 0.209, ranging from 0.044-0.667 in the WMG population. The expected heterozygosities were 0.475 ± 0.150, 0.468 ± 0.153, and 0.456 ± 0.191 in the DLS, NLY, and WMG populations, respectively (Table 2) . Cross-amplifications demonstrated that the PCR products showed fragments of the expected size in six and seven microsatellite loci in A. barbatum var. puberulum and A. alboviolaceum, respectively (Table 3) . Five of the six amplified loci in A. barbatum var. puberulum were polymorphic, with two to four alleles per locus, whereas six of the seven amplified loci in A. alboviolaceum were polymorphic, with two alleles per locus.
CONCLUSIONS
A total of 57 alleles were identified for 13 polymorphic loci in three A. kusnezoffii populations. This set of microsatellite loci will be a valuable tool for future studies on estimating reproductive success and evaluating the effects of clonality on sexual reproduction.
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